currents in human sperm from healthy donors and from patients that lack functional CatSper 23 channels. We show that human CatSper is neither activated by intracellular cAMP directly nor 24 indirectly by the cAMP/PKA-signaling pathway. Moreover, we demonstrate that non- into the flagellum of sperm from many species (Kirichok et al., 2006; Lishko et al., 2011; Loux 37 et al., 2013; Ren et al., 2001; Seifert et al., 2015; Strunker et al., 2011; Sumigama et al., 2015) .
38
The activity of CatSper is controlled by both the membrane potential (V m ) and intracellular pH 39 (pH i ) (Hwang et al., 2019; Kirichok et al., 2006; Lishko et al., 2010; Lishko et al., 2011; Seifert 40 et al., 2015; Strunker et al., 2011) , and, in human sperm, also by oviductal steroids and 41 prostaglandins (Brenker et al., 2018b; Lishko et al., 2011; Luo et al., 2019; Schiffer et al., 2020;  42 Smith et al., 2013; Strunker et al., 2011; Williams et al., 2015) . Thereby, CatSper translates 43 changes of the chemical microenvironment into changes of [Ca 2+ ] i and swimming behavior, 44 which enables sperm to reach the site of fertilization, to overcome the egg´s protective 45 vestments, and, ultimately, to fertilize the egg (Achikanu et al., 2018; Alasmari et al., 2013; 46 Oren- Benaroya et al., 2008; Ren et al., 2001; Rennhack et al., 2018; Schiffer et al., 2020; 47 Tamburrino et al., 2014; Tamburrino et al., 2015) . CatSper is, hence, absolutely required for 48 fertilization in mice and humans (Avenarius et al., 2009; Avidan et al., 2003; Luo et al., 2019; Qi 49 et al., 2007; Ren et al., 2001; Schiffer et al., 2020; Williams et al., 2015; Zhang et al., 2007) .
50
Not only the control of [Ca 2+ ] i by CatSper, but also the flagellar cAMP dynamics is key for the 51 function of sperm (Akbari et al., 2019; Balbach et al., 2018; Buffone et al., 2014; Esposito et al., 52 2004; Visconti et al., 1995) . In mammalian sperm, cAMP is predominately synthesized by the 53 soluble adenylyl cyclase (sAC) that is controlled by bicarbonate (Brenker et al., 2012; Buffone et 54 al., 2014; Hess et al., 2005; Kleinboelting et al., 2014; Wennemuth et al., 2003b; Xie et al., 55 2006). Bicarbonate-induced synthesis of cAMP by sAC activates protein kinase A (PKA) 56 (Buffone et al., 2014; Moseley et al., 2005) ; and the cAMP/PKA-signaling pathway controls the 57 flagellar beat frequency and capacitation (Esposito et al., 2004; Hess et al., 2005; Morgan et al., 58 2008; Xie et al., 2006) , a maturation process that primes sperm to fertilize the egg (Yanagimachi, 59 1994).
60
The interplay of Ca 2+ and cAMP in sperm is only ill-defined. In particular, it has remained 61 controversial whether intracellular cAMP and/or activation of PKA stimulate Ca 2+ influx via 62 CatSper. It is unequivocal that membrane-permeable analogues of cAMP (e.g. 8-Br-cAMP) that 63 are used to mimic the action of intracellular cAMP activate CatSper in both mouse and human 64 sperm (Brenker et al., 2012; Orta et al., 2018; Ren et al., 2001; Xia et al., 2007) . However, in a 65 series of studies by independent groups, elevation of intracellular cAMP levels in mouse and 66 human sperm by bicarbonate or other measures, including adenosine, synthetic adenosine-or 67 catecholamine-receptor agonists, photorelease of cAMP from caged cAMP, or control of cAMP 68 by optogenetics, failed to stimulate Ca 2+ influx via CatSper (Brenker et al., 2012; Carlson et al., 69 2007; Carlson et al., 2003; Jansen et al., 2015; Nolan et al., 2004; Schuh et al., 2006; Strunker et 70 al., 2011; Wennemuth et al., 2003a patients that suffer from the deafness-infertility syndrome (DIS). In DIS patients, the CATSPER2 87 gene is deleted (Avidan et al., 2003; Schiffer et al., 2020; Zhang et al., 2007) , resulting in the 88 loss of CatSper function (Brenker et al., 2018b; Schiffer et al., 2020; Smith et al., 2013 (Battistone et al., 2013; Brenker et al., 2012) . In sperm bathed in low concentrations of 107 bicarbonate (e.g. 4 mM), isobutylmethylxanthine (IBMX) and adenosine evoke an increase of 108 cAMP levels ( Fig. 1A ) (Brenker et al., 2012; Nolan et al., 2004; Schuh et al., 2006) CatSper is neither directly activated by intracellular cAMP nor indirectly by activation of the 121 cAMP/PKA-signaling pathway (Brenker et al., 2012; Strunker et al., 2011 ] i increase in human sperm (Fig. 4A, B) . The cAMP-evoked Ca Our results reinforce the conclusion that human CatSper is not activated by intracellular cAMP 249 or cAMP/PKA signaling (Brenker et al., 2012 (Brenker et al., 2012; Lishko et al., 2011; Strunker et al., 2011) and motility (Alasmari et al., 2013; Brenker et al., 2012; Brenker et al., 2018b; Diao et al., 2014; 294 Diao et al., 2017; Lishko et al., 2011; Strunker et al., 2011; Williams et al., 2015) . Oviductal 295 steroids and prostaglandins activate CatSper in a highly synergistic fashion (Brenker et al., 296 2018a) via two distinct binging sites (Lishko et al., 2011; McBrinn et al., 2019; Schaefer et al., 297 1998; Strunker et al., 2011) . Progesterone has been proposed to activate human CatSper via the 298 receptor alpha/beta hydrolase domain-containing protein 2 (ABHD2) (Miller et al., 2016) . By 299 contrast, the mechanism of CatSper activation by prostaglandins is elusive, except that it does 300 not involve ABHD2, classical G protein-coupled receptors, and second messengers (Brenker et 301 al., 2012; Brenker et al., 2018c; Lishko et al., 2011; McBrinn et al., 2019; Miller et al., 2016; 302 Schaefer et al., 1998; Strunker et al., 2011 sperm, somatic cells, and cell debris were pelleted by centrifugation at 700g for 20 min (37°C).
329
The pellet was resuspended in the same volume HTF, 50 ml falcon tubes were filled with 5 ml of 330 the suspension, and cells were pelleted by centrifugation at 700 g for 5 min (37°C Stopped-flow experiments were performed as described before (Brenker et al., 2012; Strunker et 365 al., 2011) with some modifications (see also (Hamzeh et al., 2019) ). Briefly, In a SFM-400 366 stopped-flow device (Bio-Logic, France), a suspension of Fluo-4-loaded sperm (1 × 10 7 /ml) in 367 HTF was rapidly mixed (1:1; flow rate = 1 ml/s) with HTF containing 10 mM 8-CPT-cAMP.
368
Fluorescence was excited with a blue light-emitting diode (LED; M470D2, Thorlabs, Germany; 369 powered with a custom-made power supply) that was modulated at 10 kHz using a function Electrophysiology. We recorded CatSper currents from human sperm in the whole-cell 377 configuration, as described before (Strunker et al., 2011) . Seals between pipette and sperm were 378 formed either at the cytoplasmic droplet or in the neck region in solution (HS) Ren, D., Navarro, B., Perez, G., Jackson, A.C., Hsu, S., Shi, Q., Tilly, J.L., and Clapham, D.E. (2001) . A sperm ion 523 channel required for sperm motility and male fertility. Nature 413, [603] [604] [605] [606] [607] [608] [609] Rennhack, A., Schiffer, C., Brenker, C., Fridman, D., Nitao, E.T., Cheng, Y.M., Tamburrino, L., Balbach, M., 525 Stolting, G., Berger, T.K., et al. (2018) . A novel cross-species inhibitor to study the function of CatSper Ca(2+) 526 channels in sperm. Br J Pharmacol 175, [3144] [3145] [3146] [3147] [3148] [3149] [3150] [3151] [3152] [3153] [3154] [3155] [3156] [3157] [3158] [3159] [3160] [3161] Schaefer, M., Hofmann, T., Schultz, G., and Gudermann, T. (1998) . A new prostaglandin E receptor mediates 528 calcium influx and acrosome reaction in human spermatozoa. Proc Natl Acad Sci U S A 95, 3008-3013. 529 Schiffer, C., Muller, A., Egeberg, D.L., Alvarez, L., Brenker, C., Rehfeld, A., Frederiksen, H., Waschle, B., Kaupp, 530 U.B., Balbach, M., et al. (2014) . Seifert, R., Flick, M., Bonigk, W., Alvarez, L., Trotschel, C., Poetsch, A., Muller, A., Goodwin, N., Pelzer, P., 540 Kashikar, N.D., et al. (2015) . 
